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Monte Carlo methods are statistical techniques using random
numbers and probability to investigate problems. The expression
“Monte Carlo method” was originally used by scientists working on
nuclear weapons in the 1940s. You can find MC methods used in
everything from economics to nuclear physics or modeling and
regulating traffic flow.
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Area of a circle

We will use a Monte Carlo method to estimate 7T and find the area of a circle. While it is possible to look

the formula for the area of a circle it is the mathematical process that is important in this
investigation.
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Suppose you put a square board outside in the rain. A circle is drawn inside the square board. The
chances are the rain drops will land randomly across the board. The number of raindrops landing in the
circle compared with those in the outside area is proportional to the respective areas. ‘
bl ol Jais of o VLY g yall & @) Jada Aa g e 500 lia (s, haal) nd B A a0 e 7 sl iy Sl (g )
LS ans e cauliie L Hla Allalgd) elliy 45 pha 5 yilall (pana Allalgl) laall <l yhad aae ) Gl sie £ 501 e

Question 1:
The picture shown opposite represents the circle and surrounding square
board. If the rain lands randomly across the board, what percentage of rain
drops do you think will hit the circle compared with those landing on the
surrounding area? Explain your answer in detail.
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Question 2:

For the next stage of the investigation you will need a TI-83 or TI-84 graphical calculator. The calculator
has a built in random number generator. The random numbers will appear as an ordered pair. You must
generate 100 ordered pairs of random numbers. Write each one down and plot it on your graph. Each
time a point is plotted you need to decide whether the point is inside the circle or outside. This is
equivalent to rain drops landing randomly across the board.
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Calculator instructions
To generate the random numbers on the calculator use the following instructions:
Switch the calculator on, clear the memory, then go to the random number generator.
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Press then use the arrow keys [»] and (-] to move across to the Probability menu then down to
the Random Integer command.
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Press and the randInt( command is pasted to the FandIlnt.Cd, 268,22
home screen. Type (0, 20, 2) and a pair of randomly L1 193
generated integers from 0-20 is produced. T4 7
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Press several more times and more pairs are produced. Graph these pairs on the axes below and
record them in the table provided. ) ‘ ) )
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You will need to discuss what to do with a point that lands on the circumference and explain your
decision.
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16
14
12
10
8
6
4
2
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2 4 8 10 12 14 16 18 20
Coordinates | Inside | Outside Coordinates | Inside | Outside Coordinates | Inside | Outside
1(,) 18 35
2 19 36
3 20 37
4 21 38
5 22 39
6 23 40
7 24 41
8 25 42
9 26 43
10 27 44
11 28 45
12 29 46
13 30 47
14 31 48
15 32 49
16 33 50
17 34 Totals




Coordinates | Inside | Outside Coordinates | Inside | Outside Coordinates | Inside | Outside
51 68 85

52 69 86

53 70 87

54 71 88

55 72 89

56 73 90

57 74 91

58 75 92

59 76 93

60 77 94

61 78 95

62 79 96

63 80 97

64 81 98

65 82 99

66 83 100

67 84 Totals
Question 4

a) What was the total number of points inside the circle? 3_3all Jals Lalall Jlaa¥) 2aal) 58 L

b) What was your total number of points inside the square? g <l Jals Llall Jlay) die g L

c) What is the ratio of points inside the circle/points inside the square? This is equal to
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d) Multiply by 4 to estimate T0 «bual dxy ki o sl

e) Use the previous two answers to determine the area of the circle. dalue pasil Gl cpl sall aadi)
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Like all Monte Carlo simulations the ‘degree of accuracy’ is related to the number of trials.
Although 100 trials take a while to do by hand, it is necessary to do a lot more than 100 trials.
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Question 5

Rather than repeat another 100 trials, ask 9 friends to share their results with you. This brings the grand
total of trials to 1000. Record your results (and friends) in the table below and repeat the previous
questions for determining the area of the circle based on Monte Carlo simulation.
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My Results

Totals:

Question 6.

Use your table of results with all 1000 trials to determine the average percentage area the circle
occupies.
Discuss your results, specifically the amount of area the circle occupies.
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Question 7.

Use either a computer or graphical calculator to simulate 10,000 trials to determine the percentage area
the circle occupies. Determine the corresponding area of the circle and comment on your results.
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Question 8
Describe how you could use the simulation to calculate a value for pi
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The website http://polymer.bu.edu/java/java/montepi/MontePi.html has an applet which performs this
simulation at speed.



http://polymer.bu.edu/java/java/montepi/MontePi.html

Notes To Teacher: alxall a3l

A. Generating truly random numbers on the calculator
Loulall AV alasiinly 4ids 490 sdie o8 1 2l 55

Explain to students that the TI calculator does not generate truly random values. Instead it depends on
the seed value stored in the calculator. Two calculators with the same seed values will produce the
same digits. ; -
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Seed the calculator with a truly randomly generated number — you could roll a die or use the last 4 digits
of your telephone number
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For example 2374 [STO»] rand [ENTER] etc. You can type rand command into the calculator directly onto
the home screen or cut and paste it from the catalogue using the 0] ] keys as shown
below.
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Now any values produced by the randInt command will truly be random. ) ‘ o
lia 2 pde o sSiuranint ey Leadl ad a) oY)



B. How the mathematical process works ¢ 4l )l Aleall (5 a3 cas

You should work through the following ideas with the boys:
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e The area of the square is proportional to r

e The area of the square is 4r?

e The area of the circle is proportional to r* but not by a factor of 4.
Let’s call the factor n. So area = nr?

area of circle r?

e The ratio of the z
a 4

rea of square o 4r_2
e Multiply the ratio by 4 to estimate pi.

e Use the value of pi to calculate the area of any circle.



